Introduction
Ionotropic glutamatergic synaptic transmission is mediated by the NMDA, AMPA and kainate type glutamate receptors (KARs). KARs play a variety of functions in synaptic transmission and in neuronal excitability (1) (2) (3) . At a presynaptic level, KARs modulate transmitter release thus inducing and regulating short-and long-term synaptic plasticity. At a postsynaptic level, KARs contribute to the postsynaptic response at some synapses and regulate neuronal excitability by inhibition of K + channels. These distinct roles of KARs are likely mediated by KARs with distinct subcellular localization and possibily different biophysical properties. KARs are hetero-oligomeric receptor channels composed of the subunits GluR5, GluR6, GluR7, KA1 and KA2 (4, 5) . A diversity of native KARs with distinct heteromeric combinations thus likely exists, although the subunit composition and stoichiometry of KARs are not known in detail. Hitherto we do not understand how subunit composition relates to the different functional roles that KARs play (1-3).
The biogenesis and intracellular trafficking of heteromeric receptor channels such as KARs are likely to be tightly controlled processes requiring proper folding and assembly, with the ER as the primary checkpoint of these complex events (6) . The C-terminal domain of ionotropic glutamate receptors contains critical determinants of receptor trafficking, and is subject to alternative splicing in most glutamate receptors. Complex interactions of Cterminal domains with proteins that include PDZ proteins are important for the regulated trafficking of AMPA and NMDA receptors especially during synaptic plasticity (7, 8) . The
GluR5, GluR6 and GluR7 KAR subunits exist under several splice variants isoforms (GluR5a, GluR5b, GluR5c; GluR6a, GluR6b; GluR7a, GluR7b) that differ in the sequence of their cytoplasmic C-terminal domains. The mechanisms that lead to the differential membrane delivery of KAR subunits and splice variants have recently been shown to depend on ER retention motifs and forward trafficking signals (9) (10) (11) (12) (13) ). An RXR motif functions as an ER retention signal in GluR5c and KA2, preventing surface expressing of these receptors when expressed as homomers (9, 14) . A stretch of positively charged amino acids in GluR5b
(QRRTQRK) acts as a novel ER retention motif when coupled to a single transmembrane by guest on September 14, 2016 http://www.jbc.org/ Downloaded from reporter protein (11) , although this ER signal might be masked in fully assembled homomeric GluR5b receptors. In contrast, GluR6a is highly expressed at the cell surface, and promotes membrane delivery of splice variants normally retained in the ER, due to the presence of a forward trafficking signal containing a cystein residue followed by a cluster of positively charged amino acids (9, 12) . Thus, several molecular determinants account for the differential surface expression of GluR5 and GluR6 splice variants.
In the present study, we investigated the intracellular trafficking and surface expression of the GluR7 splice variants. Although GluR7 is expressed at high levels in various neuronal populations, little is known about its functional properties and its role in glutamatergic synaptic transmission. GluR6 and GluR7 subunits are 86% identical at the amino acid level (15) , but they display distinct electrophysiological properties. Recombinant GluR7 receptors expressed in HEK 293 cells form functional ion channels that only respond to very high concentrations of glutamate (16) . Domains involved in the functional differences between GluR6 and GluR7 have been identified in the L3 extracellular loop (17) . GluR7 subunits can also assemble with GluR5, GluR6 and KA2 to form heteromeric channels (13, 16, 18) . The two isoforms GluR7a and GluR7b contain distinct C-terminal ends of respectively 64 and 55 aminoacids, and both make functional homomeric channels (16) . The alternatively spliced Cterminal domain of GluR7a contains a motif identical to the export signal in GluR6a, whereas
GluR7b displays an RXR ER retention motif. We have explored the surface expression and subcellular distribution of the two GluR7 splice variants expressed in cultured hippocampal neurons and we have analysed the molecular determinants for their differential trafficking.
We have also examined the effects of coassembly GluR6 splice variants on the trafficking of GluR7 isoforms. Our results demonstrate the functional significance of GluR7 alternative splicing.
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Results
Splice variant isoforms of GluR7, mRNA expression and membrane delivery
GluR7a and GluR7b differ by a carboxyl terminus cassette of respectively 64 and 55 residues localized 14 amino acids after the end of the fourth membrane domain (Fig 1A) . Probes to detect GluR7 mRNA in previous experiments have not been designed to differentiate between the expression of the two splice variants (15, 19) . We first examined if both splice variants were expressed in selected mouse brain regions with RT-PCR using specific oligonucleotides (Fig 1B) . Both GluR7 subunit splice variants were detected in the mouse nervous system with no apparent regional specificity of expression. In order to examine whether alternative splicing regulates subcellular distribution and surface expression of GluR7 splice variants, we tagged each splice variant by inserting 6 successive c-myc epitopes in the extracellular Nterminal domain, just after the signal peptide. Myc-tagged GluR7a and GluR7b were transfected in cultured hippocampal neurons. Twenty four hours after tranfection, neurons were stained for surface expressed receptors (on living cells) and intracellular receptors ( Fig   1D , neurons from wild type mice). GluR7a and GluR7b were both expressed at the cell surface, and distributed in clusters in the cell membrane ( Fig 1D, left column) . Qualitatively, the surface staining was weaker for GluR7b than for GluR7a suggesting differential membrane delivery. In order to quantify surface expression of these isoforms we used an image analysis method adapted from our previous work (9) (see methods). In neurons from wild type mice, GluR7a was detected at higher levels than GluR7b at the cell surface ( Fig 1E, relative surface labelling in percent, GluR7a: 48 ± 2%, GluR7b: 19 ± 3%, p < 0.005, n = 20).
We validated our image analysis method by performing biotinylation assays in COS-7 cells transfected with GluR7a and GluR7b that yielded comparative results (see supplemental data). Cultured neurons derived from wild-type mice express endogenous KAR subunits (20, 21) which may coassemble with GluR7 and potentially regulate trafficking of the transfected subunits. Cultured hippocampal neurons from GluR5
-/-xGluR6 -/-mice (22) has allowed the study of transfected GluR5 and GluR6 splice variants in the absence of these endogenous subunits (9) . In fact, cultured hippocampal neurons derived from wild-type mice do not express GluR7 mRNA (20, 21 (insert Fig 1 here) 
GluR7 isoforms are differentially retained in the ER
The low expression of GluR7b at the plasma membrane of neurons could be caused by retention in the ER, which serves as a quality control checkpoint for mutlimeric receptors and channels before export to the Golgi and to the plasma membrane (6) . GluR7b splice variant strongly colocalized with calreticulin, an ER resident chaperone protein (23) (Fig 2A) . This colocalization appears in yellow in the merge image and in hot colours in calculated correlation images (nMDP, see methods) (24) . In contrast, GluR7a staining was only partly colocalized with calreticulin in bright puncta which may correspond to ER exit sites (Fig 2A, left column, white arrow head) (25) . Using our correlation image analysis we quantified the level of colocalization between the two markers by calculating for each paired image a correlation index I corr (see methods). The level of colocalization between the ER marker and the two splice variants markedly differed (Fig 2B) GluR7a and GluR7b in terms of colocalization with the ER marker are maintained (data not shown).
To confirm the differential trafficking of GluR7 isoforms from the ER to the plasma membrane, we next examined the pattern of glycosylation of these subunits. In western blots from total protein extracts of transfected COS-7 cells, GluR7a and GluR7b were detected at a higher molecular weight than predicted from the amino acid sequence of the tagged isoforms (Fig 2C, input lane, black arrow heads), 110kDa for GluR7a and 109kDa for GluR7b. These bands likely correspond to glycosylated subunits, since GluR7 carries 8 predicted Nglycosylation sites (Swiss-Prot P42264). We treated protein extracts with peptide-Nglycosidase F (PNG-F), which removes N-glycans. GluR7 proteins treated with PNG-F migrated to the molecular weight predicted for non glycosylated proteins. Resistance to endoglycosidase-H (Endo-H) is conferred by mannosidase 2 processing of the protein which occurs in the Golgi apparatus. GluR7a was in part resistant to the treatment by Endo-H while no Endo-H resistant fraction could be detected for GluR7b (Fig 2C) , reflecting the low amount of proteins which have undergone the last phases of glycosylation in the Golgi apparatus. Native GluR7a was also in part resistant to deglycosylation by Endo-H in protein extracts from mouse brain (see supplemental data). The low surface expression of GluR7b can be explained by restricted export of the subunits from the ER, whereas GluR7a readily traffics from the ER to the plasma membrane.
(insert Fig 2 here) 
Subcellular distribution of GluR7 isoforms
The various roles of KARs in synaptic transmission critically depend on their subcellular localization in specific membrane domains in the axonal or somatodendritic compartments. It
is not yet clear whether subunit composition and splice variants might play a role in the polarized trafficking of KARs in these neuronal domains. We examined the subcellular localization of tagged GluR7a and GluR7b transfected in cultured hippocampal neurons derived from GluR5 -/ -xGluR6 -/-mice. In order to explore the distribution of tagged subunits in regards to axonal or somatodendritic compartments, we performed double labeling studies using antibodies either against the microtubule-associated proteins Tau1 (a marker of axons)
or MAP2 (a marker of somatodendritic compartments) ( Fig 3A) . We found that both GluR7
isoforms were present at the surface of MAP2 positive compartments ( Fig 
Molecular determinants for the surface expression of GluR7 isoforms
In its C-terminal domain, the GluR7a subunit shares with GluR6a a stretch of amino acids that acts as an ER export motif (9,12) (Fig 4A, see supplemental data for BLAST search and ClustalW alignment). This motif is composed of a cystein residue followed by a cluster of positively charged amino acids, CQRRLKHK. We tested the hypothesis that this motif was also acting as an ER export signal for GluR7a. We examined the effects of mutating the four charged amino acid residues into alanines ( Fig 4A, GluR7a-4A ). While GluR7a-4A was detectable at a high level on the cell surface of neurons from WT mice, surface staining for GluR7a-4A was weak in neurons from GluR5 compensated by assembly with a non mutated GluR7a subunit. To confirm that the CQRRLKHK motif of GluR7a acted as an ER exit signal, we co-stained myc-GluR7a with the ER marker calreticulin (Fig 4D) . GluR7a-4A colocalized with calreticulin in neurons from
GluR5
-/-xGluR6 -/-mice ( Fig 4D) , (yellow in merge images and hot colours in image nMDP).
Quantification of this colocalization revealed that GluR7a-4A was more colocalized with the ER marker than GluR7a ( Fig 4D , mean I corr , GluR7a: 0.58 ± 0.02; GluR7a-4A: 0.71 ± 0.02, p < 0.01). These results indicate that the stretch of charged amino acid residues (RRXKXK)
shared by GluR6a and GluR7a acts in both proteins as an essential determinant for their high surface expression in the plasma membrane.
GluR7b contains an RXR motif ( Fig 5A) which was identified as an ER retention signal that limits surface expresion of potassium channels, G-protein coupled receptors and some ionotropic glutamate receptor subunits (6, 27, 28) . The subunits KA2 and GluR5c expressed as homomers fail to reach the plasma membrane and are confined to the ER, due to the presence of an RXR sequence (9, 10) . Disruption of these motifs in GluR5c and KA2 results in ER exit and surface expression. At variance with GluR5c and KA2 which were undetectable in the plasma membrane (9,10), GluR7b was detected, although at a low level, at the cell surface of neurons from GluR5
-/-xGluR6 -/-mice ( Fig 1E) . We thus examined the role of this motif in the surface trafficking of GluR7b in neurons from GluR5
-/-xGluR6 -/-mice. We replaced the two arginines by alanine residues in myc-tagged GluR7b (GluR7b-ALA). GluR7b-ALA was detectable as small clusters along neuronal processes of neurons from WT mice as well as from GluR5
-/-xGluR6 -/-mice (Fig 5B) . Unexpectedly, mutating the RXR motif in GluR7b slightly decreased its surface expression in neurons from WT mice (relative surface labelling:
GluR7b, 19 ± 3%; GluR7b-ALA: 10 ± 1%, p < 0.05) (Fig 5C) 
Assembly and traficking of GluR6/GluR7 heteromers
Although various heteromeric combinations of KAR subunits have been shown to form functional ion channels, the composition of native KARs is not precisely known. In the brain, GluR7 mRNA is found in neuronal populations that also express GluR6, such as dentate granule cells of the hippocampus or pyramidal cells in the neocortical layer VI (19) . Because of its very low affinity for glutamate, the GluR7 subunit is expected to coassemble with other ion forming KAR subunits such as GluR6 (29) . Here, we examined if GluR6 and GluR7 splice variants coassembled and how these different isoforms interacted to regulate membrane delivery of heteromeric KARs. We checked for coassembly between different GluR6 and GluR7 isoforms transfected in COS-7 cells, immunoprecipitated with an anti GluR6a/7a
antibody and probed with an anti myc antibody (Fig 6A) . Although heteromerization between the two subunit isoforms was observed for all paired combinations tested, co-transfection of isoforms of the same subunit (GluR6a/GluR6b; GluR7a/GluR7b) yielded more efficient coassembly than cross combinations between GluR6 and GluR7 isoforms (GluR6b/GluR7a; GluR6a/GluR7b) (mean IP fraction in percent of input (±sem), GluR6a/GluR6b, 22 ± 4%; GluR7a/GluR7b, 25 ± 4%; GluR6b/GluR7a, 5 ± 1%; GluR6a/GluR7b, 6 ± 2%, n = 4 for all conditions) (Fig 6C) . In order to test for the coassembly of GluR6a and GluR7a, we cotransfected a GFP-GluR6a construct with myc-GluR7a (Fig 6B) . The combination of these two isoforms sharing the same forward trafficking motif yielded a high degree of coassembly (mean IP fraction in percent of input ± sem, IP anti-GFP/Western blot anti-myc, 69 ± 3%; IP anti-myc/Western blot anti-GFP, 65 ± 2%). Thus, GluR6 and GluR7 subunit splice variants can coassemble. Apart from the GluR6a/GluR7a pair, there is a preferential assembly of subunits of the same type (GluR6 or GluR7). The degree of coassembly also largely depends on the nature of the C-terminal domain.
We then examined how heteromerization between GluR6 and GluR7 isoforms affected the trafficking of KARs to the plasma membrane. GluR6a is a key subunit promoting surface expression of KAR subunits that are retained in the ER when expressed as homomers, such as KA2, GluR5 or GluR6b (9, 12) . Since GluR7a is expressed at a high level in the plasma membrane and shares with GluR6a the same export motif, we examined if GluR7a can also promote surface expression of GluR6b, a GluR6 splice variant which is largely retained in the ER. As already described (9), the surface expression level of GluR6b was significantly lower in neurons from GluR5 -/-xGluR6 -/-mice than in neurons from WT mice (GluR6b, WT: 48 ± 3%; GluR6b, GluR5
-/-xGluR6 -/-: 12 ± 3%; p<0.01) (Fig 7) . When co-transfected with GluR7a in neurons from GluR5
-/-xGluR6 -/-mice, the surface expression level of GluR6b markedly increased (surface expression level: 32 ± 4%). However, GluR6a was more efficient than GluR7a in promoting surface expression of GluR6b (relative surface labeling, GluR6b in
GluR5
-/-xGluR6 -/-mice +GluR6a: 47 ± 5%; p < 0.05) (Fig 7) . The surface expression level of GluR6b transfected with GluR6a in neurons from GluR5
-/-xGluR6 -/-mice was similar to that of GluR6b in neurons from wild-type mice (Fig 6) -/-xGluR6 -/-+ GluR7a: 46 ± 5%; p < 0.05). These data indicate that GluR7a is another key subunit positively regulating the trafficking of KARs to the plasma membrane. These data also suggest that the efficacy of GluR6a and GluR7a in promoting surface expression of ER retained subunits is limited by the variable ability of distinct KAR subunits to coassemble in heteromers.
(insert Fig 7 here) 
Discussion
Regulation of the trafficking of glutamate receptors to the plasma membrane contributes to the control of synaptic strength (30, 31) . Recent progress in the study of KAR trafficking has highlighted a role for subunit composition and alternative splicing in ER sorting of GluR5, GluR6 and KA2 (9) (10) (11) 13) . Nothing is known about the subcelllular localization and synaptic function of the GluR7 KAR subunit. This lack of information is first due to lack of specific agonists and antagonists for this receptor subunit which only shows very low affinity for glutamate when expressed as a recombinant homomer in heterologous cells (16) . In addition, a specific GluR7 antibody is still lacking to determine the regional and subcellular localization of the GluR7 protein, although in situ hybridization studies have revealed high expression of GluR7 in the cerebellum, the cortex or the hippocampus (19, 32) . The present study represents a first step in understanding the subcellular localization and the role of the GluR7 subunit. We have compared the subcellular distribution of two GluR7 splice variants that differ in their C-terminal domains. In the absence of a specific anti-GluR7 antibody, we have tagged both GluR7 splice variants and expressed them in hippocampal neuronal cultures derived from KAR subunit mutant mice that are devoid of endogenous GluR5, GluR6 and GluR7. We report that the two splice variants differentially traffic from the ER to the plasma membrane. The GluR7a splice variant displays a high surface expression level, while GluR7b is in large part retained in the ER. Furthemore, GluR7a promotes surface expression of KAR subunits that tend to be retained in the ER. We show that all paired combinations of GluR6/GluR7 subunit yields subunit coassembly. However, the coassemby of subunits and splice variants largely depends on subunit types and on the C-terminal domains, in addition to the previously characterized N-terminal determinants (33) .
Forward trafficking signal of GluR7a
In this study, we defined a C-terminal motif necessary for the high surface expression of GluR7a, which is not present in GluR7b. This motif (CQRRLKHK) contains four positively charged amino acids and is identical to the forward trafficking motif described for GluR6a (9, 12) . A BLAST search and CulstalW alignment (see supplemental data) only detected these motifs in GluR6a and GluR7a. Mutation of the four positively charged amino acids induced low surface expression and retention of homomeric GluR7a receptors in the ER, when the subunit was expressed in neurons derived from cultured neurons devoid of GluR5, GluR6 and GluR7. The mechanism by which the CQRRLKHK motif operates as a forward trafficking signal is unknown. In the case of GluR6a, Yan et al proposed that in addition to the four positively charged amino acids, the cystein residue also played a role in forward trafficking.
This cystein residue, which is also present in GluR7a is known to be palmitoylated in GluR6a 
The RXR motif of GluR7b does not act as an ER-retention signal
Like GluR5c and KA2, GluR7b carries an "RXR" motif in its C-terminal domain. A similar motif functions as a strong ER retention signal in K(ATP) channels (27) , in GABA B receptors (28, 38) , and in some NMDA receptor splice variants (39, 40) . In GluR5c and KA2, the RXR signal reliably prevents expression of the homomeric receptors to the plasma membrane (9, 10) . Mutation of the two arginine residues to alanine residues greatly enhances surface expression of GluR5c or KA2. In addition, the retention signal of GluR5c or KA2 can be masked during assembly with the GluR6a subunit splice variant. At variance with homomeric GluR5c and KA2 subunits, which are strictly retained in the ER, GluR7b receptors were in part exported to the plasma membrane, although they mainly co-localized with the ER marker calreticulin. We found that introducing the same alanine mutations in the RLR motif did not increase surface expression of GluR7b, indicating that this motif does not act as an ER retention signal. Small changes in the local sequence context could markedly affect the RXR signal strength (41) explaining why the RXR signal does not act as an ER retention motif in GluR7b. In the K(ATP) channel subunit, Kir6.2, 14-3-3 proteins specifically interact with a cytoplasmic RXR motif, and promote efficient ER exit (42) . Similarly, putative binding of a 14-3-3 related protein to the ER retention motif of GluR7b might serve to overcome retention in the ER. Homomeric GluR7b would then be addressed to the plasma membrane through a default biosynthetic pathway, when not coassembled with GluR6a or GluR7a. A similar default pathway if likely used by GluR5a, which is only weakly expressed at the cell surface (9,11) despite a short C-terminal domain (16 amino acids). Interestingly, introducing the alanine mutations in the RLR motif of GluR7b, markedly affected the ability of GluR7a to promote surface expression of GluR7b. A possible explanation is that mutation of the RXR motif in GluR7b, by preventing binding of a scaffold protein such as a 14-3-3 protein, affects cross-assembly with other KAR subunit splice variants. These results indicate differences in the involvment of RXR motifs in the C-terminal domains of KAR subunits, and suggest that the RXR motif of GluR7b might be important during the biogenesis and assembly process.
Assembly and surface expression of GluR6/GluR7 heteromeric receptors
Although GluR6 and GluR7 share 86% amino acid sequence identity, they differ considerably in their ion channel properties. Whereas recombinant GluR6 receptors show large currents in response to kainate and glutamate, GluR7a and GluR7b receptors only respond to unphysiological concentrations of glutamate (16) . The relative difference in agonist efficacy has been attributed to residues localized in the third extracellular loop (17) . Because of the very low efficacy of glutamate for the activation of GluR7 receptors, it can be hypothetized that in native KARs GluR7 coassembes with other KAR subunits. GluR7 is expressed in neuronal populations with high expression of GluR6, such as pyramidal cells of the inner layer of the neocortex or dentate granule cells (15, 19, 32) . GluR7 (GluR7a) coassembles with GluR6 (GluR6a) in heterologous cell systems, but coassembly dramatically reduces the amplitude of GluR6 responses to kainate, possibly as a consequence of reduced functional expression of GluR6/GluR7 heteromers (17, 29) . The C-terminal domain of GluR7 plus the Cterminal part of the third extracellular loop was reported to be responsible for the decreased functional expression of GluR6/GluR7 heteromers (17) . We show that all paired combinations of GluR6 and GluR7 splice variants yield heteromeric cross-assembly when expressed in COS-7 cells and probed by immunoprecipitation. The degree of heteromerization was very variable, depending on two factors. First, GluR6 splice variants assemble more efficiently with one another that with GluR7 splice variants (and vice versa). In addition efficacy of coassembly depends on the nature of the C-terminal domain. These experiments are in agreement with the notion that efficient heteromeric assembly of KAR subunits requires a combination of extracellular and C-terminal cytoplasmic domains (17, 33) . However, coexpression of GluR6a and GluR7a, which both efficiently traffic along the biosynthetic pathway, yields efficient heteromerization, in contrast with was previoulsy suggested to explain the decreased current amplitude of GluR6/GluR7 heteromers (17, 29) . The reasons for unefficient coassembly of various GluR6 and GluR7 splice variants might in fact lie in the differential subcellular localization of the subunits through the biosynthetic pathway, which would lessen the probability for cross-assembly of certain paired combinations. In the absence of a suitable GluR7 antibody, it is not yet known if GluR7 assembles with other subunits in
native KARs and what would be the functional consequences of this coassembly. Our results on recombinant heteromeric receptors indicate that GluR7a, like GluR6a, facilitates membrane delivery of ER retained KAR subunits such as GluR5c, GluR6b and GluR7b. In keeping with this, electrophysiological and cobalt uptake experiments have previously given functional evidence for the surface expression of KA2 when expressed with GluR7a (13, 16) .
It would thus be very interesting to test if GluR7a serves to drive ER retained subunits to neuronal compartments where these subunits might play their functional roles. Conversely, GluR7b might need to be coassembled in heteromers either with GluR6a or with GluR7a to be functionally expressed at the membrane. Because KA2 is expressed in cultured hippocampal neurons (20) (but see (21)), it is also possible that heteromerization with KA2
influences the trafficking of GluR7. It should be mentioned that KA2 proteins are downregulated in neurons from mice lacking GluR5 or GluR6 gene (43) . Thus, we cannot exclude the fact that differences observed in GluR7b trafficking between wild type and 
Methods
RT-PCR experiments
RNA was prepared from adult C57-BL/6 mice tissues using Micro-Fast Track TM protocol (Invitrogen, Carlsbad, CA), with 50 to 100 mg of starting material. The RT step was performed on purified mRNAs (oligo dT cellulose) with a specific reverse primer for GluR7 subunit, GCTGGCTATGGAGATGGTCGGTG. RT products were amplified in a first PCR round using splice variant specific primer pairs: GluR7a and GluR7b forward,
C G G C T C T G A G G T G G T G G A G A A T A A C ;
G l u R 7 a r e v e r s e , GCTGGCTATGGAGATGGTCGGTG; GluR7b reverse, CTTCCTTCCCTGTCCAACGC.
Next amplified first round PCR product in a second round of PCR using a second set of splice variant specific primer pairs: GluR7a and GluR7b forward (2),
C C C T C G G C T C T G G T G A A G A A C A A T G ;
G l u R 7 a r e v e r s e ( 2 ) , GCTGTGGCTTGTGCTTGAGACGC; GluR7b reverse (2), GCCTCCTCCAGGGCCTCAC.
PCR was performed using 30 cycles: 30 sec at 94°C; 30 sec at 56°C; 45 sec at 72°C. Positive control condition is two round PCR experiment on plasmids encoding GluR7a and GluR7b cDNAs.
DNA constructs
Six consecutive c-myc epitopes were introduced after the predicted signal peptide of rat GluR7a(Q) cDNA (accession number: GluR7a, P 42264-1; ) and subcloned in pcDNA3
vector. BstXI site located before MD IV of the protein was mutated in NheI restriction site by PCR and an AflII restriction site was introduced after the stop codon. Site-directed mutagenesis was performed using Quick Exchange XL kit (Stratagene, Netherlands).
Hippocampal cultures
Primary cultures of hippocampal neurons were obtained from 1-day-old pups of C57-BL/6
and GluR5
-/-xGluR6 -/-mutant mice (44) . Hippocampi were dissociated with papain followed by mechanical trituration and plated at 50,000 cells/cm 2 in MEM-EAGLE supplemented with 0.5% D-Glucose, 0.1 mg/ml transferrin, 25µg/ml insulin, 2mM Glutamax (Life Technologies, France) and 5µg/ml gentamycin. 2% B-27 (Sigma, Mo, USA) and 1µM cytosine arabinoside were added 3 days after plating.
Transfection
Ten to 14-day-old hippocampal neurons were transfected using LIPOFECTAMINE 2000
Transfection Reagent (Life Technologies). 3µg DNA in 500µl MEM-EAGLE was mixed with 10µl LIPOFECTAMINE 2000 in 500µl MEM-EAGLE and incubated at room temperature for 15 min. Cultured medium was then replaced by 1 ml MEM-EAGLE complemented with the tranfection mix. After one hour of incubation, the transfection medium was replaced with 3 ml growth medium. Experiments were performed 24 hours after transfection.
Glycosylation assays
Glycosylation assays were performed using transfected COS-7 cells as described (9) .
Endoglycosidase H (EndoH) and N-glycosidase F (PNG-F) were added to protein samples for 12h at 37°C. Image analysis was performed using Matlab software (Mathworks). Statistical significance was tested using two way ANOVA followed by a rank sum non parametric test. Mutating the RXR motif in GluR7b do not increase surface expression of the subunit but inhibits the effect of GluR7a on promoting GluR7b surface expression.
Immunostaining
Legends
Figure 6: Co-immunoprecipitation of GluR6 and GluR7 isoforms
A, Immunoprecipitation (IP) of myc-GluR6b or myc-GluR7b with GluR6a or GluR7a (untagged). Protein extracts of transfected COS-7 cells were prepared, immunoprecipitated and western blotted as described (45) . IP was done with anti GluR6/7 Ab (directed against "a" isofroms)(#06-309,Upstate) and western blotting with a polyclonal anti-myc Ab (see methods). GluR6b and GluR7b rather assemble with homologous subunit than heterologous subunit. FT is flow through. B, IP of GluR6a and GluR7a in transfected COS-7 cells. Cells were transfected with GFP-GluR6a and myc-GluR7a, protein extracts were precipitated with anti GFP Ab (A11122, Molecular Probes) or anti myc Ab (see methods) and western blotted with corresponding alternate Ab. Assembly of GluR6 and GluR7 is increased when both subunits carries a forward trafficking motifs. C, quantification of IP fraction (Mean IP fraction in percent of input, n=4) for all the combinations tested (numbered [1] [2] [3] [4] [5] [6] software (NIH). Quantification revealed differences between splice variants which were consistent with fluorescence measurements of cell surface staining: GluR7a, 57 ± 4%, GluR7b, 9 ± 5%, (n= 3, p<0.05).
